Koley S, Singh J, Sandhu JS. Anthropometric and physiological characteristics on Indian inter-university volleyball players. J. Hum. Sport Exerc. Vol. 5, No. 3, pp. 389-399, 2010. The purpose of this study was of two-folds, firstly, to evaluate the anthropometric profile of Indian inter-university volleyball players and, secondly, to search the correlation of body mass index, % body fat, hand grip strength (right dominant) and Vo 2 max. with other anthropometric characteristics studied. Eleven anthropometric characteristics, four body composition parameters, two physical and two physiological variables and nine arm anthropometric characteristics were measured on randomly selected 63 inter-university Indian volleyball players (38 males and 25 females) aged 18-25 years from Guru Nanak Dev University, Amritsar, Punjab, India with adequate controls (n = 102, 52 males and 50 females). The results indicated that male volleyball players were taller (6.63%) and heavier (7.31%) and female volleyball players were slightly taller (0.31%) and lighter (3.74%) than their control counterparts. One way analysis of variance showed significant (p≤0.004-0.000) between group differences in all the variables (except hip circumference) between volleyball players and controls. In volley players, significantly positive correlations were found with BMI and other 19 variables, with percent body fat and 6 variables, with right hand grip strength and 20 variables and with Vo 2 max and other 19 variables, and significantly negative correlations were found with percent body fat and other 16 variables, with right hand grip strength and other 7 variables and with Vo 2 max with other 8 variables. The findings of the present study might be useful in future investigation on player selection, talent identification in volleyball and training program development.
INTRODUCTION
Anthropometric dimensions and morphological characteristics play an important role in determining the success of an athlete (Rico-Sanz, 1998; Wilmore & Costill, 1999; Keogh, 1999) . Quite naturally, the interest in anthropometric characteristics and body composition of sportspersons from different competitive sports has increased tremendously over the last decades. It has been well established that specific physical characteristics or anthropometric profiles indicate whether the player would be suitable for the competition at the highest level in a specific sport (Claessens, In spite of the availability of the literature related to anthropometric and morphological parameters in volleyball players, standard data on such parameters are scanty in Indian context. To fulfill the lacunae of literature, the present study was planned.
MATERIAL AND METHODS

Participants
The present cross-sectional study is based on randomly selected 63 inter-university Indian volleyball players (38 males and 25 females) aged 18-25 years (mean 19.05±1.40 years) from six Indian universities and the competition was held in Guru Nanak Dev. An adequate number of controls (n = 102, 52 males and 50 females, mean age 21.60±2.13 years) with no particular athletic background were also collected from the same place for comparisons. The age of the subjects were recorded from the date of birth registered in their respective institutes. The subjects were divided in such a way that age 18 refers to the individuals aged 17 years and 6 months through 18 years and 5 months and 29 days. A written consent was obtained from the subjects. The data were collected under natural environmental conditions in morning (between 8 AM. to 12 noon). The study was approved by the local ethical committee.
The height was recorded during inspiration using a stadiometer (Holtain Ltd., Crymych, and Dyfed, UK) to the nearest 0.1 cm, and weight was measured by digital standing scales (Model DS-410, Seiko, Tokyo, Japan) to the nearest 0.1 kg. BMI was then calculated using the formula weight (kg)/height 2 (m) 2 . Chest, hip and upper arm circumferences were measured by a flexible metallic tape (Holtain Ltd). Femur and humerus biepicondylar diameters, upper arm length, forearm length and total arm length were measured by sliding calliper and anthropometer. Percent body fat was assessed using skinfold measurements taken from four sites, viz. biceps, triceps, subscapular and calf using Harpenden skinfold caliper (Holtain Ltd, Crosswell, Crymych, UK) to the nearest 0.2 mm, and using the Durnin and Womersley (1974) skinfold equation. Percent lean body mass was calculated subtracting percent body fat from 100. Basal metabolic rate and water percent were assessed by Bioelectrical Impedance Analysis (Houtkooper et al., 1996) . The grip strength of both right and left hands was measured using a standard adjustable digital handgrip dynamometer (Takei Scientific Instruments Co., LTD, Japan) at standing position with shoulder adducted and neutrally rotated and elbow in full extension. The dynamometer was held freely without support, not touching the subject's trunk. The position of the hand remained constant without the downward direction. The subjects were asked to put maximum force on the dynamometer thrice from both sides of the hands. The maximum value was recorded in kilograms. All subjects were tested after 3 minutes of independent warm-up. Thirty seconds time interval was maintained between each handgrip strength testing. Heart rate was estimated manually. 
Statistical analysis
Standard descriptive statistics (mean ± standard deviation) were determined for directly measured and derived variables. One way analysis of variance was tested for the comparisons of data among Indian interuniversity volleyball players and controls, followed by post hoc Bonferroni test. Pearson's correlation coefficients were applied to establish the relationships among the variables measured. Data were analyzed using SPSS (Statistical Package for Social Science) version 14.0. A 5% level of probability was used to indicate statistical significance.
RESULTS
Descriptive statistics of various anthropometric, body composition, physical, physiological and arm anthropometric characteristics in volleyball players and controls are given in Table 1 and 2. Male volleyball players were taller (6.63%) and heavier (7.31%) while female volleyball players were slightly taller (0.31%) and lighter (3.74%) than their control counterparts. Both male and female volleyball players have higher mean values for chest and hip circumferences, femur and humerus biepicondylar diameters, percent lean body mass, basal metabolic rate (only in male players), percent water, right and left hand grip strength, Vo 2 max, upper arm length, lower arm length, total arm length and arm muscle area (only in male players) and lesser mean values in biceps, triceps, sub scapular and calf (only in male players), percent body fat, heart rate, upper arm circumference, upper arm area, arm fat area and arm fat index (only in male players) than their control counterparts. One way analysis of variance showed significant (p≤0.004-0.000) between group differences in all the variables (except hip circumference) between volleyball players and controls. 
Anthropometric characteristics
In volleyball, teams compete by manicures handling the ball above the head, height is considered to be the most important physical attribute. In the present study, the mean height of the male players (181.93±6.37 cm) was greater than the male volleyball players of West Bengal, India (173.10±4. In the study, significantly greater body weight among volleyball players might be disadvantageous for them in attaining a good jumping height as they have to lift a greater weight. The skinfold thickness is examined for the evaluation of the nutritional status and physical changes with training. In the present study, the skinfold thickness of four sites, biceps, triceps, subscapular and calf, of male volleyball players were more than the findings of Bandyopadhyay (2007). and water % was reported to be higher than controls. These differences between players and controls might be due to regular physical exercise and prolonged training effect. . In the present study, Indian volleyball players have lesser value for heart rate and greater value for Vo 2 max than controls. These differences were might be due to regular physical exercise and training in volleyball players. In fact, volleyball is an intermittent sport. It requires players to participate in frequent short bouts of high-intensity exercise, followed by periods of low-intensity activity ( 
Arm anthropometry
Though volleyball players of both sexes have greater upper arm length, lower arm length, total arm length, arm muscle area than controls, they have lesser arm fat area, arm circumference and arm fat index, these differences might be due to less fat on the arm in the players. Regular training program of volleyball players made these differences. The data presented in the present study carry immense practical application and should be useful in future investigation on player selection, talent identification in volleyball and training program development.
